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AERODYNAMIC CHARACTERISTICS OF A MANEUVERABLE MISSILE

WITH CRUCIFORM WINGS AND IN-LINE CANARD SURFACES

AT MACH NUMBERS FROM 0.50 TO 4.63*

By William A. Corlett

Langley Research Center

SUMMARY

An investigation has been conducted in the Langley 8-foot transonic pressure tunnel

at Mach numbers from 0.50 to 1.20 and in the Langley Unitary Plan wind tunnel at Mach

numbers from 1.50 to 4.63 to determine the aerodynamic characteristics of a maneuver-

able missile having cruciform wings and in-line canard surfaces. The angles of attack

were varied from about -4 ° to 30 ° and the angles of sideslip were varied from about -4 °

to 8°. The Reynolds number was 2.5 x 106 per foot (8.2 x 106 per meter).

Satisfactory longitudinal and directional stability characteristics were obtained

throughout the angle-of-attack and Mach number ranges. Deflection of the horizontal

canard provided a high degree of longitudinal maneuverability, particularly at the higher

Mach numbers. Deflection of trailing-edge flaps on the horizontal wings provided effec-

tive roll control with essentially no induced yawing moments. Deflection of the vertical

canard provided effective directional control but also induced an adverse rolling moment.

INTRODUCTION

The primary requirement for a ground-to-air or air-to-air missile is a high degree

of maneuverability throughout a broad range of Mach numbers. Therefore, a number of

missile configurations utilizing various control arrangements have been investigated by

the National Aeronautics and Space Administration. (See refs. i to 19.)

The present investigation has been conducted to determine the static aerodynamic

characteristics of a model which simulated a maneuverable missile configuration. The

model had cruciform wings and in-line canard surfaces. The wings in the horizontal

plane were equipped with trailing-edge flaps and the canard surfaces were all-movable.

The investigation was conducted at Mach numbers from 0.50 to 4.63 at a constant

Reynolds number of 2.5 x 106 per foot (8.2 × 106 per meter). The angles of attack were

varied from about -4° to 30° and the angles of sideslip were varied from about -4° to 8°.

*Title, Unclassified.
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SYMBOLS

The aerodynamic-coefficient data are referred to the body-axis system except for

lift and drag which are referred to the stability-axis system. The moment reference was

located at 60.2 percent of the body length aft of the model nose.

The units used for the physical quantities defined in this paper are given both in

U.S. Customary Units and in the International System of Units (SI).

A maximum cross-sectional area of body 0.068349 sq ft (63.44 cm 2)

d reference diameter (maximum cross section)3.54 in. (8.99cm)

CA axial-force coefficient,

CD drag coefficient, Drag
qA

Axial force
qA

CD, b base drag coefficient

CD, o drag coefficient at' a = 0 °

CL

Ct

Cl¢

Cm

lift coefficient, Lift
qA

rolling-moment coefficient,

rolling-moment parameter,

pitching-moment coefficient,

Rolling moment

qAd

\ A_ ]/3=0o'40' per deg

Pitching moment
qAd

Cmo/ slope of pitching-moment curve measured near zero

Cm 5 pitching-moment coefficient per degree control deflection

CN normal-force coefficient, Normal force
qA

CNrv slope of normal-force curve measured near zero

C n yawing-moment coefficient, Yawin_ moment
qAd
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Cnfl

Cy

Cyfl

L/D

M

q

directionalstabilityparameter,

side-force coefficient,

side-force parameter,

lift-drag ratio, CL/C D

Mach number

dynamic pressure, lb/sq ft

(_n_ per deg

]_=0 o, 4°,

Side force

qA

Y/ , per deg
/fl=0o,4 o

(N/m 2)

angle of attack, deg

fl angle of sideslip, deg

5c h

6c v

5f

horizontal-canard deflection, positive when leading edge is up, deg

vertical-canard deflection, positive when leading edge is to right, deg

horizontal-wing-flap deflection, negative when trailing edge is up, deg

(subscript L for left, R for right)

Xcp / d location of center of pressure, in reference diameters, from moment center

(positive rearward)

APPARATUS AND TESTS

Tunnels

The investigationwas conducted in both the Langley 8-foottransonic pressure tunnel

and the Langley Unitary Plan wind tunnel. These are both variable-pressure continuous-

flow facilities.The 8-foottransonic pressure tunnel has an 8-foot-square test section

and a Mach number range from 0.20 to 1.30. The Unitary Plan wind tunnel has two 4-foot-

square test sections with asymmetric sliding-block-typenozzles which permit a contin-

uous variationin test-sectionMach number from 1.5 to 2.9 in the low Mach number test

section and from 2.3 to 4.7 in the high Mach number testsection.



Model

Dimensional details of the model are shown in figure 1, and the model mounted in"

the test section is shown in figure 2. The body had a fineness ratio of about 11.3. The

cruciform trapezoidal wings had beveled leading and trailing edges with a maximum thick-

ness of 4 percent chord. The horizontal wing surfaces were equipped with trailing-edge

flaps having an overhang balance. The cruciform trapezoidal canard controls also had

beveled leading and trailing edges with a maximum thickness of 4 percent chord and were

in line with the wings. The model was also provided with removable protuberances which

simulated equipment ducts.

Model component designations used are as follows:

W wings

C canards

B body with protuberances

Bo body without protuberances

The complete model configuration is designated BWC.

Tests

The stagnation pressures and temperatures at the test Mach numbers are presented

in the following table:

Mach number

0.50

.80

.90

.95

1.00

1.03

Stagnation pressure

lb/sq R abs

1906

1402

1331

1306

1286

1277

kN/m2

91.3

67.1

63.7

62.5

61.6

61.1

Stagnation temperature

o F

116

120

120

120

120

120

oK

320

322

322

322

322

322

1.20

1.50

1.90

2.30

2.96

3.95

4.63

1256

1390

1585

1910

2700

4800

6575

60.1

66.6

75.9

91.5

129.3

229.8

314.8

120

150

150

150

150

175

175

322

339

339

339

339

353

353
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The Reynolds number was 2.5 x 106 per foot (8.2 x 106 per meter). The dewpoint,

.measured at stagnation pressure, was maintained low enough to assure negligible con-

densation effects. For the tests conducted in the Langley Unitary Plan wind tunnel, the

angle of attack was varied from approximately -4 ° to 30 ° at angles of sideslip of 0 ° and

4 o, and the sideslip angle was varied from about -4 ° to 8° at angles of attack of 0 °, 10 °,

and 21 °. In order to assure boundary-layer transition to turbulent conditions, 1/16-inch-

wide (0.159-cm) strips of No. 60 carborundum grit were placed on the wings 0.4 inch

(1.016 cm) behind the leading edge, on the canards at 15 percent chord (measured stream-

wise), and on the body 1.6 inches (4.064 em) aft of the nose. For the tests conducted in

the Langley 8-foot transonic pressure tunnel, the angle of attack was varied from approx-

imately -4 ° to 12 ° at a sideslip angle of 0°, and No. 120 carborundum grit was used for

the transition strip.

Measurements

Aerodynamic forces and moments on the model were measured by means of a six-

component electrical strain-gage balance which was housed within the model The balance

was attached to a sting which was rigidly fastened to the tunnel support system. Base

pressure was measured by means of a single static-pressure orifice located in the vicin-

ity of the balance.

CORRECTIONS AND ACCURACY

The angles of attack and sideslip have been corrected for deflection of the balance

and sting due to aerodynamic loads; angles of attack have also been corrected for tunnel

airflow misalinement. The results have been adjusted to correspond to free-stream

static pressure acting over the model base. (See fig. 3.)

Based on balance calibration and data repeatability, the data presented herein are

estimated to be accurate to within the following limits:

CA or C D ............................... i_.015

C N or C L ............................... i_.076

Cm ................................... _X).057

Cn or Cy ............................... _0.029

Cl .................................... _0.010
M

For M = 0.50 to 1.20

For M = 1.50 to 2.96

For M = 3.95 to 4.63

........................ _0.005

........................ ±0.015

........................ i-O.050

a or /3, deg ............................. i-0.1



PRESENTATION OF RESULTS

A table of the figures presenting the results is given as follows:

Figure

Effect of horizontal-canard deflection on the longitudinal aerodynamic charac-

teristics of configuration BWC. 6f = 0°; 8Cv = 0 ° ............... 4

Effect of wing-flap deflection and horizontal-canard deflection on the longi-

tudinal aerodynamic characteristics of configuration BWC. 6Cv = 0 ° ..... 5

Effect of component parts on the longitudinal aerodynamic characteristics . . 6

Summary of the longitudinal aerodynamic characteristics of

configuration BWC ................................ 7

Effect of component parts on the sideslip derivatives ............... 8

Effect of horizontal-canard deflection on the sideslip derivatives of config-

uration BWC. 6f = 0°; 6Cv = 0 ° ........................ 9
Effect of wing-flap deflection on the lateral control characteristics of con-

figuration BWC with 5c h = 0 °. 5Cv = 0° .................... 10
Effect of wing-flap deflection on the lateral control characteristics of con-

figuration BWC with 5Ch = 20 °. 5Cv = 0 ° ................... 11
Effect of vertical-canard deflection on the directional control character-

istics of configuration BWC. 5f = 0°; 5Ch = 0 ° ................ 12

Data in the Mach number range from 0.50 to 1.20 are presented in figures 4 and 7

only.

DISCUSSION

Longitudinal Aerodynamic Characteristics

The longitudinal stability and control characteristics of the model are presented

in figures 4 to 6 and are summarized in figure 7. Deflection of the horizontal-canard

surface (fig. 4) provides effective pitch control throughout the angle-of-attack and Mach

number ranges with little effect on the lift but with a measurable increase in drag. The

pitching-moment increments provided by canard deflection decrease with increasing angle

of attack at the lower Mach numbers, presumably because of a loss in lift effectiveness of

the canard surface. (See figs. 4(a) to 4(h).) At the higher Mach numbers, however, the

effectiveness of the canard surfaces increases considerably with increasing angle of

attack, and a high degree of longitudinal maneuverability is indicated. (See fig. 4(1), for

example. )

The effect of horizontal-wing-flap deflection and horizontal-canard deflection is

presented in figure 5 for the Mach number range from 1.50 to 4.63. Deflection of only



r ".

the wing flap provides a relatively effective means of pitch control at Mach number 1.50.

.The pitching effectiveness of the wing flap decreases rapidly with increasing Mach num-

ber, however. Deflection of the canard in addition to deflection of the wing flap results

in a substantial increase in maneuvering capability.

The longitudinal aerodynamic characteristics determined for various combinations

of component parts throughout the Mach number range from 1.50 to 4.63 are shown in

figure 6 and indicate that the addition of the canard surfaces provides a small increase in

lift and a destabilizing increment in pitching moment. The pitch characteristics indicate

little effect of the canard flow field on the wing inasmuch as the increments provided by

the canard are essentially the same for the model both with and without the wing. The

variations of pitching moment with angle of attack for the complete model are reasonably

linear and, at the higher angles of attack and Mach numbers (fig. 6(f), for example),

exhibit a slight pitch-down tendency that appears to be inherent in the body-wing combi-

nation. The axial-force increment due to the protuberances may be determined by com-

paring the results for the smooth body (Bo) with those for the body with protuberances (B)

and is found to be approximately 5 percent of the total drag of the complete vehicle near

Ot= 00.

The effectiveness of the canards in providing pitching moment near a = 0° and the

parameters CNa and Cma are shown in figure 7(a). These parameters show the

expected trend with variation in Mach number. The variation with Math number of cen-

ter of pressure and drag coefficient at _= 0 ° are presented in figure 7(b). The center

of pressure is shown to move rearward throughout the transonic range to about Mach num-

ber 1.2; however, with further increase in Mach number, the center of pressure moves

forward.

Sideslip Derivatives

The sideslip derivatives for various combinations of model components (fig. 8) indi-

cate satisfactory directional stability for the complete configuration throughout the angle-

of-attack and Mach number ranges. This stability is maintained even though the presence

of the canard surfaces causes a destabilizing increment of yawing moment. Some inter-

ference effects of the canard flow field on the wing are indicated at the lower Mach num-

bers by the fact that the decrement in CnB caused by the addition of the canards is
greater with the wing on than with the wing off. In addition, a substantial increment in

Cl occurs at the lower Mach numbers for the complete model as an indication of the

asymmetric flow field effects of the canard on the wing.

Deflection of the horizontal canard for pitch control has little effect on the direc-

tional stability characteristics of the complete configuration but does cause a generally

negative increment of rolling moment due to sideslip (fig. 9).



Lateral Control Characteristics

Differential deflection of the wing flaps provides an effective means of obtaining

roil control with essentially no induced yawing moment throughout the angle-of-attack

and Mach number ranges (fig. 10). With increasing Mach number, the roll effectiveness

of the flaps decreases at the lower angles of attack; however, the roll effectiveness

increases with increasing angle of attack at the higher Mach numbers. The roli control

characteristics are essentially the same with the horizontal canard deflected 20 ° (fig. 11).

Deflection of the vertical canard provides an effective means of obtaining direc-

tional control throughout the angle-of-attack and Mach number ranges {fig. 12); however,

deflection of the vertical canard also produces a flow field at the wing that induces an

adverse rolling moment. In some instances the induced roll caused by 5Cv = 20 ° is in

excess of the roiling moment that could be controlled by a wing-flap deflection of +20 °.

(Compare figs.12(b)and 11(b)at c_= I0°, for example.)

CONCLUDING REMARKS

An investigationhas been conducted in both the Langley 8-foot transonic pressure

tunneland the Langley Unitary Plan wind tunnel at Mach numbers from 0.50 to 4.63 to

determine the aerodynamic characteristicsof a maneuverable missile having cruciform

wings and in-linecanard surfaces.

The results indicatedsatisfactorylongitudinaland directionalstabilitycharacter-

isticsthroughout the angie-of-attackand Mach number ranges. Deflectionofthe hori-

zontalcanard provided a high degree of longRudinal maneuverability, particularlyat the

higher Mach numbers. Deflectionof trailing-edgeflapson the horizontalwings provided

effectiverollcontrolwith essentiallyno induced yawing moments. Deflectionof the ver-

ticalcanard provided effectivedirectionalcontrol butalso induced an adverse rolling

moment.

Langley Research Center,

National Aeronautics and Space Administration,

Langley Station,Hampton, Va., June 22, 1966,

126-13-02 -01-23.
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